Abstract: HuangLianJieDuDecoction (HLJDD) has been widely used for the treatment of Alzheimer's disease (AD) in clinic. However, the relationship between its chemical profile and neuroprotective bioactivity was not clearly clarified yet. In present study, the water extract of HLJDD and subsequent three polarity fractions divided by different reagents were investigated. A total of 17 chromatographic peaks were confirmed by comparison with standards and their UV, MS spectra. Among them, 11 major compounds were determined by HPLCDAD method with good linear regression relationship (r 2 , 0.9994-0.9999), precisions (interday precision RSD, 0.79%-1.07%; intraday precision RSD, 1.59%-2.10%), repeatability (RSD, 1.66%-3.67%), stability (RSD, 1.26%-4.77%) and recovery (95.24%-105.41%, RSD, 0.29%-2.69%). Furthermore, PC12 cells and primary neurons cells were used for the neuroprotective effective assessment of aforementioned four samples from HLJDD. The total aqueous extract and nbutanol extract of HLJDD presented more significant effects than the other two parts. According to their quality and quantity determination results, iridoids and alkaloids have a positive correlation with the neuroprotective effectiveness of HLJDD.
Introduction
As one kind of serious neurodegenerative symptoms, Alzheimer's disease (AD) was characterized by the loss of neurons and synapses in the cerebral cortex [1] . So far, there is no effective therapeutic method to cure it yet. As a famous traditional Chinese medicine formula, Huang LianJieDuDecoction (HLJDD) has been clinically used as a potential effective method for the treatment of AD [2, 3] . This formula was composed of Scutellaria baicalensis Georgi, Coptis chinensis Franch, Phellodendron chinense Schneid and Gardenia jasminoides Ellis. It demonstrated effect of improving memory and cognition abilities of AD patients by neuroprotective pathway [4, 5] . Although the qualitative and quantitative analysis of HLJDD has been studied by HPLC and LCMS methods before [6, 7] , the relationship between its chemical profile and antiAD bioactivity was not clear yet.
Along with the development of analytical technology, an online analytical procedure using HPLC coupled with mass spectrometry (MS/MS) makes it possible for profiling multiple principle compounds simultaneously in complex chemical systems like HLJDD [6] [7] [8] [9] . Flavonoids, alkaloids and iridoids were considered as its dominating active constituents, which were originated from Scutellariae Radix, Coptidis Rhizoma, Phellodendri Chinensis Cortex, and Gardeniae Fructus individually [10] [11] [12] [13] . In recent years, numerous efforts have been made to validate and reveal its corresponding neuroprotective mechanism through in vitro cells models [14] [15] [16] . Remarkable protective effects of HLJDD against hydroperoxide and glutacid induced injury and cytotoxicity to cortical neurons were detected [17] [18] [19] . Indoleamine 2,3dioxygenase was regarded as one of the important targets [20] . Meanwhile, the neuroprotective activity of the major constituents in HLJDD has been studied as well, including berberine, baicalin and geniposide [21] [22] [23] [24] . Transgenic mouse and PC12 cell injured mode were applied in the evaluations [19] . Most of the researches focused on the total extract or repre sentative compounds [18] , but the relationship between its integrated chemical composition and bioactivity was not clarified. In addition, the correlation between the chemical profile and its neuroprotective bioactivities was rarely reported.
In this study, total aqueous extract, ethylacetate and nbutanol extract of the powder of the aqueous extract and residue part were prepared for the chemical analysis and related neuroprotective experiments. LCDADMS/MS was applied in the identification of chemical constitutions in these four samples. Seventeen chromatographic peaks were identified and 11 of them were simultaneously deter mined. The injury models of PC12 and primary neurons cells were performed to investigate the neuroprotective effects of HLJDD and its different polarity parts. The cell and chondriosome viability were evaluated with JC1 fluorescent, typan blue exclusion and MTT methods. The spectrumeffect correlations between each chemical groups and neuroprotective effect were studied. (2) , geniposide (3), berberine (6), palmatine (7), baicalein (10), wogonin (11), galioside (12) , scandoside methyl ester (13) , jasminoside B (14) and oroxylin A (17) were isolated and purified from HLJDD water extract by authors (Fig. 1) . The standards of baicalin (8) were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). Wogonoside (9) and oroxylin A7O glucuronide (16) were provided by Zelang Medical Technologies Co. Ltd. Coptisine (4), epiberberine (5) and jatrorrhizine (15) were bought from Chendu Herbpurify Co. Ltd. The purities of all the standard references were over 95%. 
Experiment

Reagent and materials
Preparation of standard and sample solutions
A stock solution of mixed standards containing 11 com pounds (1-11) were weighed and dissolved in methanol, and then diluted to 7 gradient concentrations for establishing the calibration curves. At the same time, each standard was also prepared respectively for the identification of HLJDD as references. All the solutions were stored at 4 °C before analysis.
Four samples consisted of aqueous extract of HLJDD, ethylacetate and nbutanol extract of the powder of the aqueous extract and residue part. All the plant materials (Coptis chinensis Franch, Scutellaria baicalensis Georgi, Phellodendron chinense Schneid, Gardenia jasminoides Ellis) were smashed, homogenized (in the ration of 2:3:2:3) and extracted with boiling water twice. The aqueous extract was concentrated, vacuumized dried and crushed into powder. The powder was further extracted by ethylacetate, nbutanol successively to get the different polarity parts. Each fraction was vacuumized dried and powdered. In quantification analysis, 15 mg of each sample was accurately weighed and ultrasonically extracted with 5 mL methanol for 10 min. The solution was filtered through a 0.45 μm filter before HPLC analysis. In cell culture and treatment, the final concentrations of four polarity fractions were set to 4 μg/mL while the concen tration of DMSO was below 100 ppm.
Instrument and analytical condition
LCDADMS/MS analysis was performed on an Agilent 1200 HPLC system (MA, USA) coupled with DAD detector and Agilent 6320 MSD ion trap mass spectrum. A Zorbax SBC 18 (4.6 mm×250 mm, 5 μm, Agilent) column was used for analysis. The column temperature was kept at 30 °C. The mobile phases consisted of methanol (A) and water containing 1% formic acid (B). The following gradient condition was used: 0-10 min, 10% A; 10-12 min, 10%-30% A; 12-30 min, 30%-35% A; 30-35 min, 35%-40% A; 35-40 min, 40%-55% A; 40-50 min, 55%-66% A; 50-60 min, 66%-100% A. The flow rate was set as 1 mL/min and the injection volume was 5 μL. The detected wavelength for the quantification was 254 nm. Mass spectra were acquired in positive ion mode with an electrospray ionization (ESI) source in the range of m/z 100 to 1000. The ESIMS condition was: the nebulizer pressure at 45 psi and nitrogen as drying gas at the flow rate of 12 L/min with the temperature of 350 °C. The capillary voltage was set at 4000 V. The diversion ratio was about 1:2. Data processing was performed using the LCMS Solution version 3.41 software. The quantifica tion of 11 compounds in HLJDD was carried out on the HPLCDAD condition.
The neuroprotective evaluations were conducted on clean bench (BiaBASE Company, China) and continuous variable times anatomical microscope (Olympus, Japan). The cell samples were centrifuged with refrigerated centri fuge 5804 (Eppendorf, Germany). CO 2 incubator (Binder, Germany), hypoxia and reoxygenation three gas incubator (Thermo, USA) were utilized to establish hypoxiainjured cell models. The automation multifunction screening instrument Flexstation 3 (MDs Inc, USA) and inverted flurescence microscopy IX81 (Olympus, Japan) were used in JC1 assay.
Cell culture and treatment
Culture and treatment of PC12 cells
Rat pheochromocytoma cells (PC12 cells, provided by Institute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical College) were grown in DMEM containing 10% fetal calf serum (FCS), 100 U/mL penicillin and 100 μg/mL streptomycin at 37 °C in a humidified atmosphere containing 5% CO 2 . The cell culture medium was replaced every two days [24, 25] . PC12 cells were tested for viability with JC1 and typan blue subsequently and the mouse NGF was used as positive medicine to facilitate the feasibility and accuracy of the method.
Culture and treatment of primary cortical neurons
Glutamateinduced neurotoxicity and hypoxiainjured models were established on the primary cortical neurons, which were prepared from fetal Wistar rats (one day old). The cerebral cortex was dissected, cut up, mixed, filtered and suspended in DMEM. The cortical neurons were incubated in 96well culture plates. The DMEMF12 was replaced the next day. Cytosine arabinoside (final concen tration 10 μmol/L) was added three days later [26] . All cultures were examined with antibody (MAP2) to ensure the purity of neurons greater than 90%. The glutamate injured model was built as previously described procedure. The hypoxiainjured model of primary cortical neurons was established by cultivating in three gas incubator. The entire system was purged with 95% N 2 and 5% CO 2 atmosphere, and then reoxygenated for 24 h.
Cell viability assay
MTT, typan blue and JC1 methods were used in the assessment of these three evaluation models including glutamateinjured PC12 cells, glutamateinduced neuro toxicity primary cortical neurons and hypoxia/reoxygenation primary neurons models. In MTT assessment, when cells inoculated in a 96well microplate (2×10 5 cells/well) were stable, serumfree DMEM was used for cleaning them twice. The PC12 cells were then incubated with glutamate (5 mM) only or glutamate (5 mM) plus samples (aqueous extract, ethylacetate extract, nbutanol extract and residue of HLJDD) for 24 h. After incubation with 0.04% MTT at 37 °C for 4 h, an additional of 150 μL/plate DMSO was added after the medium contained MTT was abandoned. The absorbance was assessed at 540 nm after shaking [27] . In the ratiometric dye JC1 (a dualemission potential sensitive probe), the green and red fluorescent was observed with inverted flurescence microscopy. To stain cells, 100 μL/plate JC1 was added, homogenized and incubated at 37 °C for 20 min. The cells were then washed twice for analysis [28] . In terms of typan blue assaying method, cells were inoculated in a 96well microplate. Typan blue (4%) was added to ultimate concentration 0.04%, checked the cells 1 min later. The dead cells were dyed into blue while the live cells refused to be dyed. Then the average survival rate was calculated.
Statistical analysis
The pharmacology results were statistical analyzed by SPSS 11.5. All the data were expressed as mean±standard deviation (SD), which was verified with normality test and ANOVA test. The data of all group fitted the normal distribution and the homogeneity of variance. Statistical differences were evaluated by using oneway ANOVA. The level for a statistically significant difference was set at P<0.05.
Results and discussion
Qualitative analysis
Mass spectrometry was performed in positive ion mode. Seventeen components were characterized and confirmed based on their retention behaviors, MS data and UV spectra by comparison with standard references. The main chemical constitutes in HLJDD could be divided into three cate gories as flavonoids, alkaloids and iridoids. In terms of flavonoids, [M+H] + ions were observed in their full mass scan spectra. The neutral loss of CH 3 and H 2 O were regarded as their characteristic fragment pathways in MS 2 experiments [29] . For alkaloids, the [M+H] + ions were invariably occurred during electrospray ionization process [30] . In the full scan spectra of iridoids, [M+Na] + ions were detected as prominent peaks, which was caused by the oxygen functional groups in their structures [31] . In this paper, 6 flavonoids, 5 alkaloids and 6 iridoids were unambi guously identified by comparison of UV, MS and reten tion time with their corresponding standards. Four samples presented totally different chemical profiles with each other. Obviously, all the chemicals were detected in the total aqueous extract. However, alkaloids and iridoids were mainly distributed in the nbutanol part. Flavonoids were the dominated constituents in ethylacetate part. Only low amounts of constituents were found in residues. The detailed information was list in Table 1 .
The validation of the analytical method
Linearity, limits of detection (LOD) and limits of quantification (LOQ)
The calibration curves were conducted with 7 different concentrations of mixed standards. The acceptable linearity was achieved according to the appropriate correlation coefficients (r 2 , 0.9994-0.9999). Diluted the minimum concentration until the analyte gave a peak with a signal to noise (S/N) of 3 and 10, respectively. LOD and LOQ represented the triple and 10fold of the S/N. Detailed data of linearity were illustrated in Table 2 
Precision, repeatability and stability
The precision was measured by the determination of the intra and interday variance. Appropriate concentration of stock solution was utilized. The intraday precision was validated by six injections in three consecutive days (two injections in succession each day). The interday precision was investigated by six successive injections within one day. The relative standard deviation (RSD) of inter and intraday precisions was in the range of 0.79%-1.07% and 1.59%-2.10%, respectively.
The repeatability was evaluated by successive injection of six identical samples, which were dealt with in parallel. The RSD values of 11 compounds were within the range of 1.66% to 3.67%.
The stability was evaluated by continuous sampling six times of the same sample at 8 h intervals for two con secutive days. The RSD values were all within 5%, which indicated a fine stability of the samples within 48 h.
Recovery
Nine equal samples of HLJDD mixed with known amount of standard solution of different concentration (high, middle and low) were used to achieve recovery testing. The samples were extracted and analyzed followed the aboveestablished method. The average recoveries were then calculated. The mean recovery rate of 11 markers varied from 95.24% to 105.41% (RSD≤3%).
The results of qualitative and quantitative study
Totally 17 constitutes from HLJDD were identified by comparison with standards. Their retention time, UV, MS fragments were taken into consideration ( Table 1) . The quantitative analysis was performed on the aqueous extract of HLJDD, ethylacetate extract, nbutanol extract and water residue from aqueous extract powder. According to the chemical patterns of these 4 samples, 11 chemicals in total aqueous extract, 4 compounds in ethylacetate extract, 9 in nbutanol part and 6 in water residue were detected and quantified in present study (Fig. 2) . The contents of iridoids, alkaloids and flavonoids in these 4 samples were totally different from each other, the detailed values were illustrated in Figure 3 . Iridoids in total aqueous extract and three different polarity parts were 5.1%, 2.8%, 18.9%, 0.2%, while the percentages of alkaloids in four samples were 9.3%, 0.87%, 18.8%, 2.1%, respectively. In addition, the contents of flavonoids were 5.5%, 11.5%, 3.8%, 2.1%, respectively. Obviously, the contents of detected constituents were extremely lower in water residue. However, the contents of iridoids and alkaloids in nbutanol extract were significantly higher than other samples. The detailed quantitative results were listed in Table 3 .
The neuroprotective effects of HLJDD and its polarity parts
The anticytotoxicity experiment of aforementioned four samples from HLJDD on PC12 cells models were carried out (Tables 4, 5 ). Glutamate injured and glutamate induced PC12 cells along with hypoxia injured primary neuron cells were used in the evaluation (Fig. 4) 
The relationship between neuroprotective effects and chemical profiles
The neuroprotective evaluation models using PC12 cells and primary neurons cells were adopted in our investiga tion. By comparison with ethylacetate and residue parts, the total aqueous extract and nbutanol part showed more significant neuroprotective effects. Interestingly, the total amounts of iridoids and alkaloids in these two parts were 72% and 90% individually, which were 4 and 10 times higher than those in ethylacetate part. Flavonoids such as baicalein, oroxylin A and wogonin were the major com ponents in ethylacetate part. The total content of iridoids and alkaloids in the residue was much lower than that of ethylacetate part. Meanwhile, the neuroprotective effect of water residue was obviously weaker than that of ethylacetate part. Although there was a little overlap in chemical profile among the four polarity fractions, the contents of total iridoids and alkaloids had maximal relevance to the neuroprotective effects.
Conclusion
In this paper, the relationship between the chemical profiles and the neuroprotective effects of HLJDD was evaluated. HPLCDADMS/MS was applied to reveal the major constitutes of HLJDD and its different polarity parts. Meanwhile, 11 dominating compounds were quanti fied, which were the representative principal constituents in HLJDD. Furthermore, the neuroprotective effects of HLJDD and its different polarity parts were estimated using PC12 cells and primary cortical neurons. The total aqueous extract of HLJDD and its nbutanol part revealed much more powerful activities than that of ethylacetate part and residue. Based on quality and quantity analysis result, it was tentatively concluded that the iridoids and alkaloids have positive correlation with the neuroprotective effective ness of HLJDD.
